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Cross reference To related application 

« application claims the benefit of U.S. Provisional Application No. 
^ "CONFIGURABLE POWBR AMPLIFIER BIAS CONTROL, 



filed October 6, 2000, that is incorporated by reference, 

BACKGROUND OF THE INVENTION 



i Technical Field. 
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current biasing circuits. 



2. Related Art. . 
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™ current for use in numerous types otcircm 
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The diode in the resistor diode biasing circuit also results in biasing current 
fluctuations when the temperature changes. The biasing current fluctuations have an 
adverse effect on the circuit being biased and must be tolerated or have additional 
temperature compensation circuitry added. Thus, there is a need in the art for a biasing 
5 circuit that has a linear relationship between the biasing voltage and biasing current and 
that functions over a broad dynamic range and is unaffected by temperature changes. 

Summary 

Broadly conceptualized, the invention is a constant current biasing circuit that 
10 has a proportional relationship between the biasing voltage and biasing current and that 
is unaffected by temperature changes. The constant current biasing circuit may be 
implemented in a complementary metal oxide semiconductor (CMOS) in order to take 
advantage of the electronic characteristics of CMOS-fabricated circuits. 

An example implementation of a constant current biasing circuit is in a linear 
15 amplifier. A biasing voltage results in a biasing current that may then be mirrored as a 
reference current to the power amplifier. The bias circuit also provides feedback 
around a reference transistor residing on the power amplifier. This feedback loop 
maintains a quiescent bias for the reference transistor equal to the reference current. 
The resulting bias voltage from the feedback loop is then used to bias the RF power 
20 device. Since the bias point of the amplifier is controlled and does not vary with 
temperature, the amplifier exhibits reduced variation in linearity over temperature. As 
a result, the amplifier benefits from increased design margin. 

Other systems, methods, features and advantages of the invention will be or will 
become apparent to one with skill in the art upon examination of the following figures 
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and detailed description. It is intended that all such additional systems, methods, 
features and advantages be included within this description, be within the scope of the 
invention, and be protected by the accompanying claims. 

Brief Description Of The Figures 

The components in the figures are not necessarily to scale, emphasis instead 
being placed upon illustrating the principles of the invention. In the figures, like 
reference numerals designate corresponding parts throughout the different views. 

FIG. 1 is an illustration of a circuit diagram of an exemplary implementation of 
a single-stage amplifier having a constant current bias circuit in accordance with the 
invention. 

FIG. 2 is an illustration of a circuit diagram of another exemplary 
implementation of a two-stage amplifier having constant current bias circuits in 
accordance with the invention. 

FIG. 3 is a flow diagram illustrating a constant current biasing circuit. 

Detailed Description Of The Preferred Embodiments 
In FIG. 1, an illustration of a circuit diagram of an exemplary implementation of 
a single-stage amplifier 100 having a constant current bias circuit is shown. A bias 
voltage input terminal 102 is connected to a fifteen kilo-ohm resistor 104. Another 
fifteen kilo-ohm resistor 106 is connected to the fifteen kilo-ohm resistor 104 and a 
ground. The two fifteen kilo-ohm resistors 104 and 106 are commonly referred to as a 
voltage divider resistor pair having an output between the fifteen kilo-ohm resistors 104 
and 106. A one pico-farad capacitor 108 is connected as a filter across the resistor 106. 
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The output from the voltage divider resistor pair is also connected to the negative input 
terminal of op-amp 1 10 and clamp circuit 1 12. 

The output of the op-amp 110 is connected to the respective gates of a CMOS 
field effect transistor (FET) 114 and a selectable CMOS FET 115. The CMOS FET 
5 1 14 has a source that is connected to the voltage supply terminal 116. The CMOS FET 
1 14 has a drain that is connected to the positive input terminal of the op-amp 1 10 and a 
4.7 kilo-ohm resistor 120. The source of the selectable CMOS FET 1 15 is connected to 
the voltage supply terminal 116 and the drain of the selectable CMOS FET 115 is 
connected to the negative input terminal of a operational amplifier 118. The 
1 0 operational amplifier 1 1 8 has an output that is connected to the gate of another CMOS 
FET 122. The source of the other CMOS FET 122 is connected to the voltage supply 
terminal 1 16. The drain of the other CMOS FET 122 is connected to the positive input 
terminal of the operational amplifier 118, a noise filter capacitor 124, the base of a 
bipolar junction transistor (BJT) 126, an RF isolation circuit 132, and a compensation 
15 network 127 having a sixty-eight ohm resistor 128 and a five hundred sixty pico-farad 
capacitor 130. The compensation network 127 is connected to the negative input 
terminal of the operational amplifier 118 and the drain of the selectable CMOS FET 
115. The compensation network 127 is also connected to the collector of the BJT 126 
and an RF isolation circuit 132. Additionally, the BJT 126 has an emitter that is 
20 connected to ground. Another BJT 1 34 has a base that is connected to the RF isolation 
circuit 132 and the RF input terminal 135, an emitter connected to ground, and a 
collector connected to the RF output 136. 

A bias voltage, for example two volts, is applied to the bias voltage input 
terminal 102. The fifteen kilo-ohm voltage divider resistor pair 104 and 106 divide the 
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bias voltage, and the high frequencies that may be present in the bias voltage are 
filtered by the one pico-farad capacitor 108. The divided voltage is received at the op- 
amp 110 and activates the CMOS FET 114, allowing the current to flow through the 
4.7 kilo-ohm resistor 120. Op-amp 1 10 forces the voltage at resistor 120 to be equal to 
5 the divided bias voltage at the negative input terminal of op-amp 110. The voltage at 
the 4.7 kilo-ohm resistor 120 divided by the resistance value (4.7 kilo-ohms) is an I b ias 
current. Resistors 104 and 106 are ratioed, so temperature effects cancel. Resistor 120 
is an external component having a low temperature co-efficient. Thus, the I b ias current 
has a direct relationship to the bias voltage applied to the bias voltage input terminal 

1 0 while not being affected by changes in temperature. 

The Ibias current is mirrored with the selectable CMOS FET 115 to produce a 
current I re f I re f is directly related to Ibias by the area ratio (N/M) of CMOS FET 1 14 and 
selectable CMOS FET 115. The area ratio N/M is set by a ratio selector 117 that 
selects the number of CMOS FETs to be connected in parallel (shown as the single 

15 selectable CMOS FET 115) and is selectable for ratios of 1:3, 1:4, 1:5, and 1:8. The 
current I re f is then sourced into the collector of the BJT 126. 

The operational amplifier 118, the other CMOS FET 122, the BJT 126, and the 
compensation network 127 create a feedback loop 137. The feedback loop 137 adjusts 
the base voltage of the BJT 126 to maintain a collector current equal to I re f. The DC 

20 component of the BJT 126 base voltage is transferred through the RF isolation circuit 
132 to the base of the other BJT 134. The quiescent collector current of the other BJT 
134 is directly related to I re f by the area ratio of the other BJT 134 to the BJT 126. 

If the bias voltage is below the predetermined level (level required to have a 
minimum bias current Ibias), the clamp circuit 112 will activate to maintain a minimum 
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voltage at the negative input terminal of the operational amplifier 110. Thus, I biaSt 1^ 
and the feedback loop 137 are maintained ensuring proper operation of the amplifier. 

The circuit is implemented using two types of integrated circuit (IC) fabrication, 
where both IC die reside in a single electrical package. The first type of fabrication 
5 process, CMOS, is used to create the CMOS 138 part that is composed of resistors 104, 
106, op-amps 110 and 118, CMOS FETs 114, 115 and 122, capacitors 108 and the 
clamp circuit 1 12. The second type of fabrication process, GaAs HBT, is used to create 
the Gallium Arsenide 140 part that is composed of BJTs 126 and 134, and the RF 
isolation circuit 132. Resistors 120 and 128, and capacitors 124 and 130 are discrete 

10 components, but in alternative embodiments may be implemented in CMOS 138 or 
Gallium Arsenide 140. 

By combining two types of fabrication processes in the same package, the 
performance of that part can be enhanced by taking advantage of the electrical 
characteristics of each fabrication process. For example, CMOS is desirable for 

15 implementations of bias circuits, while Gallium Arsenide is desirable for 
implementations of RF circuits. Other examples of types of fabrication include 
BiCMOS & Gallium Arsenide, Silicon bipolar & Gallium Arsenide, CMOS & Silicon 
bipolar, CMOS & SiGe bipolar or on a single technology of Silicon BiCMOS or SiGe 
BiCMOS. The preferred method using CMOS & Gallium Arsenide dies on the same 

20 substrate results in a single integrated package; however, the advantages of the constant 
current bias circuit can be achieved using all discrete components. 

In FIG. 2, an illustration of a circuit diagram of another exemplary 
implementation of a two-stage amplifier 200 having constant current bias circuits is 
shown. The first stage 201 of the two-stage (or multi-stage) amplifier has a bias 
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voltage input terminal 202 that is connected to a fifteen kilo-ohm resistor 204. Another 
fifteen kilo-ohm resistor 206 is connected to the fifteen kilo-ohm resistor 204 and a 
ground. The two fifteen kilo-ohm resistors 204 and 206 are commonly referred to as a 
voltage divider resistor pair having an output between the fifteen kilo-ohm resistors 204 
5 and 206. A one pico-farad capacitor 208 is connected as a filter across the fifteen-ohm 
resistor 206. The output from the voltage divider resistor pair is also connected to the 
negative input terminal of op-amp 210 and a first-stage clamp circuit 212. 

The output of the op-amp 210 is connected to the respective gates of a CMOS 
FET 214 and a selectable CMOS FET 215. The CMOS FET 214 has a source that is 
10 connected to the voltage supply terminal 216. The CMOS FET 214 has a drain that is 
connected to the positive input terminal of the op-amp 210 and a 4.7 kilo-ohm resistor 
218. The source of the selectable CMOS FET 215 is connected to the voltage supply 
terminal 216 and the drain of the selectable CMOS FET 215 is connected to the 
negative input terminal of a operational amplifier 220. The operational amplifier 220 
15 has an output that is connected to the gate of another CMOS FET 222. The source of 
the other CMOS FET 222 is connected to the voltage supply terminal 216. The drain 
of the other CMOS FET 222 is connected to the positive input terminal of the 
operational amplifier 220, a noise filter capacitor 224, the base of a BJT 226, an RF 
isolation circuit 232, and a compensation network 227 having a five hundred sixty pico- 
20 Farad capacitor 228 and a sixty-eight ohm resistor 230. The compensation network 227 
is connected to the negative input terminal of the operational amplifier 220 and the 
drain of the selectable CMOS FET 215. The compensation network 227 is also 
connected to the collector of the BJT 226 and an RF isolation circuit 232. 
Additionally, the BJT 226 has an emitter that is connected to ground. Another BJT 234 



c 



o 



PATENT 

SNR Matter No. 09785980-0089 
O0CXTO656W 

has a base that is connected to the RF isolation circuit 232 and the RF input terminal 
235, an emitter connected to ground, and a second stage RF input 236. 

The second stage 238 of the two-stage amplifier 200 has a second bias voltage 
input terminal 240 connected to a second stage fifteen kilo-ohm resistor 242. Another 
5 second stage fifteen kilo-ohm resistor 244 is connected to the second stage fifteen kilo- 
ohm resistor 242 and ground. The second stage fifteen kilo-ohm resistors 242 and 244 
form another voltage divider resistor pair having an output between the resistors 242 
and 244. A second stage one pico-Farad capacitor 246 is connected across the other 
second stage fifteen kilo-ohm resistor 244 and acts as a filter. The output from the 
1 0 second stage voltage divider resistor pair 242 and 244 is connected to the negative input 
terminal of a second stage op-amp 248 and a second stage clamp circuit 250. 

The output of the second stage op-amp 248 is connected to the gates of a second 
stage CMOS FET 252 and a second stage selectable CMOS FET 254. The second 
stage CMOS FET 252 has a source that is connected to the voltage supply terminal 216 
15 and a drain connected to the positive input terminal of the second stage op-amp 248. 
Further, the drain of the second stage CMOS FET 252 is connected to a second stage 
4.7 kilo-ohm resistor 256. The source of the second stage selectable CMOS FET 254 is 
connected to the voltage supply terminal 216. The drain of the second stage selectable 
CMOS FET 254 is connected to the negative input terminal of a second stage 
20 operational amplifier 258. The second stage operational amplifier 258 has an output 
that is connected to the gate of another second stage CMOS FET 260. The source of 
the other CMOS FET 260 is connected to the voltage supply terminal 216. The drain 
of the other CMOS FET 260 is connected to the positive input terminal of the second 
stage operational amplifier 258, a second stage noise filter capacitor 262, the base of a 
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second stage BJT 272, a second stage RF isolation circuit 270, and a second stage 
compensation network 264 having a sixty-eight ohm resistor 266 and a five hundred 
sixty pico-Farad capacitor 268. The second stage compensation network 264 is also 
connected to the collector of the second stage BJT 272. Additionally, the second stage 
5 BJT 272 has an emitter that is connected to ground. Another second stage BJT 274 has 
a base connected to the RF isolation circuit 270 and the second stage RF input terminal 
236. The emitter of the other second stage BJT 274 is connected to ground while the 
collector is connected to an RF output terminal 276. 

A first stage bias voltage is applied to the first bias voltage input terminal 202. 
10 The voltage divider resistor pair 242 and 244, then divides the first bias voltage. High 
frequencies that may be present in the first bias voltage are filtered by the one pico- 
farad capacitor 208. The divided voltage is received at the op-amp 210 and activates 
the CMOS FET 214 allowing the current to flow through the 4.7 kilo-ohm resistor 218. 
Op-amp 210 forces the voltage at resistor 218 to be equal to the divided bias voltage at 
15 the negative input terminal of op-amp 210. The voltage at the 4.7 kilo-ohm resistor 218 
divided by the resistance value (4.7 kilo-ohms) is a first stage I bias current. Thus, the 
first stage I bias current has a direct relationship to the first stage bias voltage. 

The first stage I bias current is mirrored with the selectable CMOS FET 222 to 
produce a first stage reference current I ref I ref is directly related to I bias by the area ratio 
20 (N/M) of CMOS FET 214 and selectable CMOS FET 215. The area ratio N/M is set by 
a ratio selector 277 that selects the number of CMOS FETs to be connected in parallel 
(shown as the single selectable CMOS FET 215) and is selectable for a ratios of 1:3, 
1 :4, 1 :5, and 1 :8. The first stage current I ref is then sourced into the collector of the BJT 
226. 
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The operational amplifier 220, the other CMOS FET 222, the BJT 226, and the 
compensation network 227 create a feedback loop 278. The feedback loop 278 adjusts 
the base voltage of the BJT 226 to maintain a collector current equal to I ref . The DC 
component of the BJT 226 base voltage is transferred through the RF isolation circuit 
5 232 to the base of the other BJT 234. The quiescent collector current of the other BJT 
234 is directly related to I ref by the area ratio of the other BJT 234 to the BJT 226. 

If the first stage bias voltage is below the predetermined level (level required to 
have a minimum bias current I bjas ), the first stage clamp circuit 212 will activate to 
maintain a minimum voltage to the negative input terminal of the operational amplifier 
10 210. Thus, Ibias, Iref and the feedback loop 278 are maintained ensuring proper operation 
of the amplifier. The RF output from the other BJT 234 of first stage 201 is connected 
to the second stage RF input terminal 236. 

The second stage 238 of a two-stage amplifier has a second bias voltage input 
terminal 240 for receipt of a second bias voltage. The other fifteen kilo-ohm voltage 
15 resistor pair 242 and 244 divide the second bias voltage, and the high frequencies that 
may be present in the bias voltage are filtered by the second stage one pico-Farad 
capacitor 246. The divided second bias voltage is received at the second stage op-amp 
248 and activates the second stage CMOS FET 252 allowing current to flow through 
the second stage 4.7 kilo-ohm resistor 256. The second stage op-amp 248 forces the 
20 voltage at resistor 256 to be equal to the divided bias voltage at the negative input 
terminal of op-amp 248. The voltage at the second stage 4.7 kilo-ohm resistor 256 
divided by the resistance value is the second stage I b ias2 current. Thus, the second stage 
Ibias2 current has a direct relationship to the second stage bias voltage. 
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The second stage I bias2 current is mirrored with the second stage selectable 
CMOS FET 254 to produce a second stage reference current W I reQ is directly related 
to W by the area ratio (N/M) of CMOS FET 252 and selectable CMOS FET 254. The 
area ratio N/M is set by a ratio selector 277 that selects the number of CMOS FETs to 
5 be connected in parallel (shown as the single selectable CMOS FET 254) and is 

selectable for ratios of 1 3 14 1-5 »nH i s m,» «.«,„ j , 

i .j, i.% i o, and 1.8. The second stage current I reQ is then 

sourced into the collector of the second stage BJT 272. 

The second stage operational amplifier 258, the other second stage CMOS FET 
260, the second stage BJT 272, and the compensation network 268 create a feedback 
10 loop 280. The feedback loop 280 adjusts the base voltage of the BJT 272 to maintain a 
collector current equal to I re0 . The DC component of the BJT 272 base voltage is 
transferred through the RF isolation circuit 270 to the base of the other BJT 274. The 
quiescent collector current of the other BJT 274 is directly related to I re<2 by the area 
ratio of the other BJT 274 to the BJT 272. 
15 If the second stage bias voltage is below the predetermined level (level required 

to have a minimum bias current I bias ), the second stage clamp circuit 250 will activate to 
maintain a minimum voltage to the negative terminal of the operational amplifier 248. 
Thus, I bias2 , I ref2 and the second stage feedback loop 280 are maintained ensuring proper 
operation of the amplifier. The RF output from the other BJT 274 is connected to the 
20 second stage RF output terminal 276. 

Therefore, the linear biasing circuit can be used multiple times within a device. 
The current embodiment contains two separate bias voltage input terminals 202 and 
240. In an alternate embodiment, the two bias inputs may be joined to a single input 
bias voltage terminal. Additionally, the first bias voltage and the second bias voltage 
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values are known voltage levels and may be derived from an integrated bandgap 
voltage source, batteries, photoelectric cells, electronic fuel cells, or alternating 
currents. The preferred method to derive a bias input voltage is with a battery and 
voltage regulator circuit. The circuit of FIG. 2 may be implemented using discrete 
5 components or in an integrated circuit package. The preferred method is an integrated 
circuit package having a common substrate with both GaAs 282 and CMOS 284 dies. 

In FIG. 3, a flow diagram illustrating a constant current biasing circuit is shown. 
The process starts 300 by having the amplifier powered on 302 with a supply voltage at 
the voltage supply terminal 116, FIG. 1. If the amplifier is powered on 302, then an 
10 input bias voltage is received 304 at bias voltage input terminal 102. A determination 
is made as to the sufficiency of the bias voltage to generate a bias current which will 
keep the feedback loop 137 stable 306. If the bias voltage is insufficient, then the 
clamp circuit 1 12 is activated 308 to supply a sufficient bias voltage. A bias current I ref 
is generated 310 by the input bias voltage interacting with at least one resistor (such as 
15 voltage divider resistor pair 104 and 106). The bias current I ref is mirrored into a base 
current I base that is related to I ref by the ratio of N/M 312. The collector current of BJT 
126 is sensed 314. A check is made to verify if the collector current of BJT 126 is 
equal to I ref 316. If the collector current of BJT 126 is less than I ref , then the base 
voltage is increased 318. If the collector current of BJT 126 is greater than I ref , then the 
20 base voltage is decreased 320. The process is continuous while there is power 302. 
When power is no longer available, the process stops 322. While various embodiments 
of the invention have been described, it will be apparent to those of ordinary skill in the 
art that many more embodiments and implementations are possible that are within the 
scope of this invention. 
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